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Franklin Harold Epstein, MD, died on 5 November 2008. He was one of the most recognized and influential neph-rologists of the past century. He was a 
teacher, a researcher, a mentor to many neph-
rologists and other scientists, and an inspiring 
physician. He was dedicated to his patients, stu-
dents, and colleagues and continued to work full 
time until a month before his death.
Born in Brooklyn, New York, he attended 
Brooklyn College, where he graduated summa 
cum laude in 1944. He attended Yale University 
School of Medicine, graduating cum laude in 
1947. At Yale University, he was mentored by 
John P. Peters. Frank trained at Yale and was a 
fellow in the Department of Medicine at Boston 
University. During the Korean War, he was a 
captain in the Medical Corps of the US Army, 
initially an instructor at the Army Medical Serv-
ice Graduate School, Walter Reed Army Medical 
Center, and later stationed at Fort Richardson, 
Alaska. After his service in the army, Frank 
joined the faculty at Yale University School of 
Medicine, where he rose in rank from assistant 
professor to professor and succeeded Dr. Peters 
as chief of the Section of Metabolism. He then 
became the chairman of the Second and Fourth 
Harvard Medical Services and Department of 
Medicine at the Boston City Hospital and, later, 
the Herrman L. Blumgart Professor of Medicine 
and chairman of the Department of Medicine 
at Beth Israel Hospital and Harvard Medical 
School. During that time, he was also direc-
tor of the Nephrology Division at Beth Israel 
Hospital. At the time of his death, Frank was 
the William Applebaum Professor of Medicine 
at Harvard Medical School. He was married to 
Sherrie (Spivak) Epstein and was the father of 
four children: Mark, Ann, Sara, and Jonathan. 
Frank received more than 70 awards and rec-
ognitions during his long career, including the 
Francis G. Blake Award from Yale University, 
the John P. Peters Award from the American 
Society of Nephrology, the Bywaters Award 
from the International Society of Nephrology, 
and the David Hume Award from the National 
Kidney Foundation.
Frank trained and mentored more than 100 
fellows, students, and faculty. Most, if not all, 
of the physicians he trained went on to develop 
successful academic careers of their own across 
the country and throughout the world. Obser-
vations made while seeing patients or during 
case presentations in rounds often led to ques-
tions that Frank suggested to junior faculty 
members as avenues of investigation. But more 
than just proposing the investigation, he would 
indicate ways to approach it. He was a teacher of 
uncommon clarity. He presented and discussed 
issues in a way that everyone could understand. 
He had the gift of rapidly and correctly assess-
ing the level of complexity that was appropri-
ate to his audience and adjusting his teaching 
accordingly. He was excellent at explaining 
complex issues, many times resorting to illus-
trative analogies. His lectures were always well 
attended and received. Perhaps the outstand-
ing characteristic of his career was the inter-
est he expressed in all the problems that were 
presented to him. He would listen carefully, 
interrupting only for clarification, but would 
correct mistakes or misinterpretations, and ask 
for clear demonstrations that the observations 
were correct. He would then offer suggestions 
and indicate how he would approach the ques-
tions or whom to contact for further sugges-
tions, information, or technical help. He gave 
his advice freely, encouraging people to pursue 
research avenues he suggested.
Frank was the epitome of the physician− scientist. 
The scope of his scientific interests was breath-
taking. Early in his career, he investigated the 
management of congestive heart failure and cir-
culatory failure in myocardial infarction. He was 
interested in hypertension, its management, and 
the consequences of treatments. He studied the 
effect of hormones on the kidneys. The current 
that drove his investigations was fueled by the 
insights that they offered on the physiology of the 
systems and the implications for clinical care.
For 40 years, starting in 1968, he investigated 
the way fish manage salt and water. Bony fish 
that move between fresh and salt water man-
age their salt by increasing the excretion of salt 
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by the gills in salt water and cutting off their 
excretion in fresh water. The regulation of this 
phenomenon was not known. Frank studied 
Fundulus heteroclitus and Anguilla rostrata and 
demonstrated that cortisol induced the changes 
necessary for the movement from fresh to salt 
water and that prolactin mediated the changes 
required for the return to fresh water. The activ-
ity of Na-K-ATPase in the gills increased when 
the fish moved to salt water and decreased when 
they adapted to fresh water, suggesting that Na-
K-ATPase mediated the movement of salt into 
water. However, the pump was located on the 
blood side of the cells that secreted salt, the 
wrong side if sodium was to be secreted into the 
ocean. Sodium could not possibly pass from the 
cell into the ocean through the apical surface 
of the cells and could not be the ion excreted 
by the secretory cells of the gills. From these 
experiments arose the concept of the cotrans-
port of chloride and sodium through a transport 
molecule that was later characterized in the rec-
tal gland of Squalus acanthias; this cotransport 
was found to require potassium. This was the 
sodium-potassium-two-chloride cotransporter, 
the target of furosemide and related diuretics, 
later cloned from the rectal gland of the shark. 
The richness of the rectal gland of the shark in 
Na-K-ATPase offered a singular opportunity to 
examine the role of this enzyme in salt balance 
in fish. Sharks cannot maintain salt homeostasis 
by excreting salt through the gill as bony fish do. 
The organ responsible for the excretion of salt in 
the shark is the rectal gland, which is rich in Na-
K-ATPase. Initial studies were hampered by the 
low rate of secretion of salt by the gland. With 
the realization that the rectal gland was under 
humoral control, the organ could be studied, 
and the secretory mechanism was found to be 
similar to that of the gills of bony fish. The ion 
transported across the cell was chloride, and 
its secretion was mediated indirectly by Na-
K-ATPase. The concept of secondary active 
transport, powered by Na-K-ATPase, emerged 
from these studies. The mechanisms regulating 
the secretion of chloride were found to be com-
plex. The expansion of the extracellular space 
caused the release of a natriuretic peptide from 
the heart of the shark. The natriuretic peptide 
circulated to the rectal gland, where it directly 
stimulated the rectal gland cells and induced 
the release of vasoactive intestinal peptide 
from nerves within the gland that, in turn, also 
stimulated the cells. The secretion of chloride by 
the rectal gland of the shark was regulated by a 
humoro-neural mechanism.
Frank also had a career-long interest in the 
metabolism of the kidney. He initially demon-
strated that the metabolism of the medulla of 
the kidney is anaerobic. The prior observation, 
at the Laboratory of Clinical Biochemistry at the 
Radcliffe Infirmary, that a significant percentage 
of the cytochrome aa3 was reduced in the iso-
lated perfused rat kidney, led Frank to initiate a 
series of experiments exploring the relationship 
between the availability of oxygen, the reabsorp-
tion of salt, and the anatomical integrity of the 
renal tubular cells. These experiments gave rise to 
the notion that the energy demands imposed by 
the reabsorptive load of salt can tax the tubular 
cells to the point of causing cellular damage and 
death. The damage was found to be greater in 
those areas of the kidneys where the availability 
of oxygen is normally limited, such as the med-
ullary rays and the outer and inner medulla of 
the kidney. This finding dovetailed well with the 
pathological observations in ischemic and other 
forms of acute renal failure. Frank continued to 
pursue this avenue of research using blood oxy-
genation level−dependent magnetic resonance 
imaging to evaluate intrarenal oxygenation, in 
vivo, in animals and humans. Together, these 
studies suggested that conditions in patients in 
whom the delivery of oxygen to the medulla of 
the kidney is compromised because of preexist-
ing pathology or the use of agents that reduce or 
prevent an increase in blood flow can increase 
their susceptibility to ischemic injury.
Frank also had a longstanding interest in the 
effect of pregnancy and its complications on 
the kidney. For decades, he participated in the 
weekly labor and delivery conference at Beth 
Israel Hospital. Early in his career, he published 
a paper on the increased prevalence of hyper-
tension in women with preeclampsia, an obser-
vation that for many years was disputed but 
that has now been confirmed. His suggestion 
that preeclampsia was a common renal disease 
that had not been appropriately studied led to 
the present understanding of the pathophysi-
ology of preeclampsia as a disease of altered 
angiogenesis regulation.
Frank’s legacy is not only that of a gifted inves-
tigator, a caring physician, an inspiring teacher, 
and a wise and thoughtful manager, but also that 
of a kind, gentle, generous man who enriched 
those who knew him and learned from him. 
Many had the fortune of working closely with 
him, and many others benefited directly or 
indirectly from his teachings and ideas. Above 
all, he shall be remembered for what he was, a 
wonderful human being.
